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Introduction
The possibility of evaluating the amount ofČerenkov light produced by fast particles in an hadronic calorimeter represents a promising method to detect the electromagnetic fraction of an hadronic shower.
1,2 Long and detailed on-beam tests were performed on PbWO 4 crystals, which represents an attractive material for detecting electromagnetic showers on high energy colliders because of its high density and fast response. [3] [4] [5] One of the main purposes of the test was to evaluate the contribution of theČerenkov component to the total light yield. In order to assess the presence ofČerenkov light and to evaluate its ratio to the scintillation one, two of their main differences were exploited:
(1) While the scintillating light is emitted isotropically, theČerenkov light is produced in a cone with an opening angle cosθ = 1/βn as shown in Fig. 1 . (2) The emission process of the scintillating light, produced by the molecular de-exitation, has a characteristic decay time (about 10 ns for PbWO 4 crystal) while theČerenkov light is produced prompt after the particle crossing.
Study of the signal time structure
In order to evaluate the effects ofČerenkov photons to time structure of the PMT signals, during the on-beam tests the PMT signal pulse shapes were acquired with a very fast Flash ADC (effective sampling frequency of 800 MHz) or with a 10 Gigasample/s oscilloscope.
Signal timing properties
The timing properties of the signals have been analysed by two simple methods shown in Fig. 2 . In a first method the leading edge of the signal is fitted to a Fermi-Dirac function:
An increase in theČerenkov content of the signal will manifest itself as a decrease in the value of the leading constant τ L , since the leading edge is becoming steeper. In a second method we evaluated crossing time, i.e. the time at which the pulse height crosses a certain threshold level (e.g. 30 mV in Fig. 2 right) . An increase of theČerenkov component will shift that point to an earlier moment. In Fig. 3 the leading constant and the difference between the R and L crossing times are shown as a function of the crystal angle respectively on the left and on the right. The effects ofČerenkov photons on the signal timing are visible on both the variables.
The precision shown for the data at 0 o , is completely dominated by photo-electron statistics and are such that the used variables do not provide statistically significant information about the contribution ofČerenkov light to the signal in question on a event by event basis.
The difference between the crossing times on L and R was also measured by means of a standard CAMAC discriminator and a TDC without any offline pulse shape analysis (Fig. 4) . Although a maximum time difference of only about 1 ns was found, the effect is clearly visible.
The qRatio method
A third method to evaluate theČerenkov contribution to the total light yield is to calculate the ratio between the light collected in the first few instants of the signal and the total one. This charge ratio (qRatio) is expected to increase when theČerenkov light is collected because the signal becomes faster and higher. In Fig. 5 very preliminery results on the behaviour of qRatio as a function of the angle are shown for the R side signals. The value of qRatio is almost constant over the whole range of angles in which noČerenkov light is collected by the PMT R. For θ < 0 it starts to increase reaching its maximum for θ ≃ −30
o . The maximum value is about 10% (once offset-subtracted) which is equal to the ratio between theČerenkov and the total light calculate with signal shape analysis.
3 No effects due the increase of the effective particle path are found for large angles.
Conclusion
Several variables sensitive to the effects of theČerenkov light correlated with the signal time structure were studied. The promptČerenkov photons give rise to a fast signal whose time characteristics can give information about their presence and their amount. The use of the qRatio method, which adds to the effects on the signal timing the effects on the increase of total charge can represent a promising way to assess theČerenkov contribution to the total light yield also in homogeneous PbW0 4 calorimeters.
